What is claimed is:

1. Use of (1) a compound of formula I or a pharmaceutically acceptable salt theéof; (2) a

composition comprising a Compound of formula I or a salt thereof, and a cgfrier or (3) a

formula (I):

or a pharmaceutically acceptable salt thereof, wherein: | ,
W, X, Y and Z are each independently selected fr O CHorN;
D and D' are independently selected from a bond or NR";
A is optionally substituted aryl or optionally stituted heteroaryl;
L is a bond, -C(0)-, ~(CR°R%)-, -OC(O)-, # RCRC)m-OC(O)—, -(CR°R®)m-C(O)-, E
NRPC(S)-, or -NRC(O)- (wherein the point (?/X‘{e attachment to R’ is on the left-hand side);
R* 1s selected from alkyl, cycloalkyl,{! 1

heteroaryl, and heterocyclyl; each of which is

substituted with 0-5 occurrences of RY; '
each R® is independently selectffrom halo, haloalkyl, alkyl, hydroxyl and -OR®, or two

adj acenf R? taken together with the atoms to which they are attached form an optionally

substituted cyclyl; y |
each R® is independently elected from alkyl, acyl, hydroxyalkyl and haloalkyl;
each R® is independey selected from hydrogen and alkyl;

ntly selected from Kydrogen, halo, alkyl, alkoxy and halo alkoxy or

two R° taken together the carbon atoms to which they are attached form an optionally

substituted éycloalk ¢
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each R? is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, Ai

cyano, hydroxyl, -C(O)R?, -OC(O)R?, -C(O)OR?, -SR?, -NR*R® and ~OR?, or-two R takén together
with the carbon atoms to which they are attached form an optionally substituted hetepbeyclyl;

o

nis 0, 1,0r2;
mis 1,2 or3;

his0,1,2;and

g1s0,10r2, ’
in the manufacture of a medicament for activating PKR in red ,od cells (RBCs).
The use of claim 1, wherein the pharmaceutical compositio‘s to be administered to a subject
suffering from pyruvate kinase deficiency. '.
The use of claim 1, wherein the lifetime of the red bl cells is increased.
Use of (1) a compound of formula I or a pharmace/l:}'ally acceptable salt thereof; (2) a
composition comprising a compound of formula Z&or a salt thereof, and a carrier or (3) a
pharmaceutically acceptable composition comp%smg a compound of formula I or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier; wherein
formula I is as defined in claim 1, in the {nufachlre of a medicament for régulating 2,3-
diphosphoglycerate levels in blood in gﬂéf:i thereof, wherein the medicament is formulated for
administration fo a subject in need { ,feof.
Use of (1) a compound of formuld I or a pharmaceutically acceptable salt thereof; of 2)a
pharmaceutically acceptable position comprising a compound of formula I ora
pharmaceutically acceptablg/ alt thereof, and a pharmaceutically acceptable carrier; wherein

formula I is as defined i 1, in the manufacture of a medicament for treating hereditary

non-spherocytic hemo}ytic anemia, wherein the medicament is formulated for administration

pharmaceuticplly acceptable composition comprising a compound of formula I or a

pharmacey caﬂy acceptable salt thereof, and a pharmaceutically acceptable carrier;
wherei ormula I is as defined in claim 1, in the manufacture of a medicament for
treatjfig sickle cell anemia, wherein the medicament is formulated for administration to a

s » ect in need thereof.

% Use of (1) a compound of formula I or a pharmaceutically acceptable salt thereof; or (2) a
p

harmaceutical composition compriéing a compound of formula I or a pharmaceutically
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acceptable salt thereof, and a pharmaceutically acceptable cérrier; wherein formula I 1
defined in claim 1, in the manufacture of a medicament for treating thalassemia;
hereditary spherocytosis; hereditary elliptocytosis; abetalipoproteinemia or Bassén-
Kornzweig syndrome; paroxysmal nocturnal hemoglobinuria; acquired hemo

anemia, e.g., congenital anemias; or anemia of chronic diseases, wherein the medicament
is formulated for administration to a subject in need thereof.

8. The use of any one of claims 1 to 7, wherein the compound is represgnted by formula (I):

Rn

(
R \\ 0
Lo X Do«
v WSO

g

0 D
wherein: /

W, X, Y and Z are each independently selected fropi CH or N;
D and D' are independently selected from a bow\ﬁ{f NR";
A is optionally substituted bicyclic heteroar}:}éf
L is a bond, -C(0)-, ~(CR°R)p-, -OC(O)?#{CRCRC)HI-OC(O)-, -(CRR%);p-C(0O)-, -
NR°C(S)-, or -NRC(0O)- (wherein the point o%ﬁle attachment to R' is on the left-hand side);

R! is selected from alkyl, cycloalkyﬁgryl, heteroaryl, and heterocyclyl; each of which is

substituted with 0-5 occurrences of RY,; 4

éach R*is independently from halo, haloalkyl, alkyl, hydroxyl and -OR? or two
adjacent R? taken together with the, darbon atoms to which they are attached form an optionally
substituted cyclyl; ’

each R" is independe ' selected from alkyl, acyl, hydroxyalkyl and haloalkyl;
each R® is indepently selected from Hydro gen and alkyl;

each R®is indedently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or
two R® taken togethith the carbon atoms to which they are attached form an optionally
substituted cyclog, '
{s independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro,
cyano, hyd“yl, -C(O)R?, -OC(O)R?, -C(O)OR?, -SR?, -NR*R® and —OR?, or two R® taken
t\ogether;th the carbon atoms to which they are attached form an optionally substituted

heterq clyl;
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10.
I11.
12.
13.

15.

16.

17.

18.

19.

20.

nis 0, 1, or 2;

mis1, 2or3;

his 0, 1, 2; and

gis 0,1 or2.

The use of claim 8, whereinhis 1 and g is 1. ’ /
The use of claim 8, wherein W, X, Y and Z are CH. //
The use of claim 8, wherein D is NR® and D' is a bond.

The use of claim 11, wherein R” is H, methyl or ethyl.

The use of claim 8, wherein L is a bond, <(CR°R®)y-, - N C(O)-,—(CRCRC)m-C(O)—, -
- C(O)-, or -O(CO)-. |
14,

/
yl, aryl or heteroaryl substituted

The use of claim 13, wherein L is a bond and R' is al]
with 0-5 occurrences of R%. » |
The use of claim 13, wherein L is ~(CRR%)p- apld R is cycloalkyl, aryl, heteroaryl or
heterocyclyl substituted with 0-5 occurrence% /f RY

The use of claim 13, wherein L 18 ~NRbC§@) R is hydrocren and R' is aryl substztuted
with 0 5 occurrences of R%. f

The use of claim 13, wherein L is —(%CRC)H,—C(O) and R’ is cycloalkyl, aryl or

heteroaryl substituted with 0-5 ocrrencs of RY.

»The use of claim 13, wherein L fs -C(O)— and R' is aryl, alkyl, or heteroaryl substituted

with 0-5 occurrencs of RS,/

The use of claim 13, whergin L is -OC(O)- and R’ is alkyl, aryl or heterocyclyl

iherein L is ~(CR°R®);;,-OC(0)- and R' is heterocyclyl or cycloalkyl

4 occurrences of R%.




(1d).

24. The use of claim 23, wherein A is optionally substituted quinolinyl.

N\/_

25. The use of claim 23, wherein A is
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29.




30.

31.

32.

33.

34,

35.

36.

37.

The use of any one of claims 1 to 4, wherein the compound is selected from:
N '8
saeNecAs
0 .
The use of any one of claims 1 to 4, wherein the compound is selecte ffrom:

CI
’/\
jyj@ °N/

The use of any one of claims.1 to 4, wherein the compou is selected from:

The use of any one of ¥

'The use of any one of claims 1 to 4, wherein the compound is selected from:
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38.  The use of any one of claims 1 to 4, wherein the compound is selected from;

39.  The use of any one of claims 1 to 4, wherein the compound 1s se}écted from:
) N
‘N~
40, The use of any one of claims 1 to 4, wherein the co ,zfs ound is selected from: .
»
N
41.  Theuse of any one of claims 1 to 4, whefein the compound is selected from:

A o2 %

to 4, wherein the compound is selected from:

42, The use of any one of claim

43. The use of any ¢ ghe of claims 1 to 4, wherein the compound is selected from:

44. Thes se of any one of claims 1 to 4, wherein the compound is selected from:
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45.

46.

47.

48.

49.

0,0
F ) )

The use of any one of claims 1 to 4, wherein the compound is selected frg

The use of any one of claims 1 to 4, wherein the compound isleoted from:

H /
_ N N. A
o £ ‘ .

» H .
g N\
O/\’ qu/ 00 Ny |
O -
5 one of claims 1 to 4, wherein the compound is selected from:

H
N(
N N
oo orth
0 .

o
o
fa—y




¥

What is claimed is
1. Use of a compound in the manufacture of a medicament for increasing the lifetime of red
blood cells (RBCs) comprisirig contacting blood with an effective amount of (1) a
compound of formula I or a phamiaceutically acceptable salt thereof; (2) a
pharmaceutically acceptable composition comprising a compoﬁnd of formulalora

pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier,

(R%n

\N% VRYD//// 1
L S

o @
wherein: '
W, X, Y and Z are each independéntly selected from CH or N;
D and D' are independently selected from a bond or NR®;
A is optionally substituted aryl or optionally substituted heteroaryl;
L is"a’boh‘d, -C(O)-, -(CRR%)y-, -OC(0)-, -(CR°R®),-OC(0O)-, -(CRcﬁcim—C(O)-, -
NRbC(S)—, or -NR°C(O)- (wherein the point of the attachment to R' is on the left-hand side);

R! is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is
substituted with 0-5 occurrences of Rd; .

each R® is independently selected from halo, haloalkyl, alkyl, hydroxyl and -OR? or two
adjacent R’ taken together with the carbon atoms to which they are attached form an optionally
substituted cyclyl;

each R” is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl;

each R® is independently selected from hydrogen and alkyl;

each R® is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or
two R° taken together with the carbon atoms to which they are attached form an optionally
substituted cycloalkyl; »

each RY is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro,
cyano, hydroxyl, -C(O)R?, -OC(O)R?, -C(O)OR?, -SR?, -NR*R” and —~OR?, or two R taken together
with the carbon atoms to which they are attached form an optionally substituted heterocyclyl;

nis0, 1, or2;
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mis1,2or3;

his0,1,2; and

gis0, 1 or2.

The use of claim 1, wherein the compound of formula I or a pharmaceutically acceptable
salt thereof, or the pharmaceutically acceptable composition comprising a compound of
formula I or a pharmaceutically acceptable salt thereof, and a pharmaceutically
acceptable carrier is to be administered to a subject suffering from pyruvate kinase
deficiency.

Thé use of claim 1, wherein the lifetime of the red blood cells is increased.

Use of a compound in the manufacture of a medicament for reducing 2,3-
diphosphoglycerate (2,3-DPG) levels or preventing an increase in 2,3-DPG levels in
blood comprising contacting blood with an effective amount of (1) a compound of
formula I or a pharmaceutically acceptable salt thereof; (2) a pharmaceutically acceptable
composition comprising a compound of formula I or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carriér; wherein formula I is as defined in claim
1, and wherein the medicament is formulated for administration to a subject in need thereof.
Use of a compound in the manufacture of a medicament for treating hemolytic anemia
comprising (1) a compound of formula I or a pharmaceutically acceptable salt thereof; or (2)
a pharmaceutically acceptable composition comprising a compound:of formula I or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier; wherein
formula I is as defined in claim 1, and wherein the medicament is formulated for
administration to a subject in need thereof.

The use according to claim 5, whereinv the hemolytic anemia is hereditary non-
spherocytic hemolytic anemia.

Use of a compound in the manufacture of a medicament for treating pyruvate kinase
deficiency (PKD) in a subject comprising (1) a compound of formula I or a
pharmaceutically acceptable salt thereof; or (2) a pharmaceutically acceptable
composition comprising a compound of formula I or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier; wherein formula I is as defined in
claim 1, and wherein the medicament is formulated for administration to a subject in need

thereof.
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8.

10.

Use of a compound in the manufacture of a medicament for treating sickle cell anemia
comprising (1) a compound of formula I or a pharmaceutically acceptable salt thereof; or (2)
a pharmaceutically acceptable composition comprising a compound of formula I or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier;
wherein formula I is as defined in claim 1, and wherein the medicament is formulated for
administration to a subject in need thereof.

Use of a compound in the manufacture of a medicament for treating thalassemia, e.g.,
beta-thalassemia; hereditary spherocytosis; hereditary elliptocytosis;
abetalipoproteinemia or Bassen-Kornzweig syndrome; paroxysmal nocturnal
hemoglobinuria; acquired hemolytic anemia, e.g., congenital anemias, e.g.,
enzymopathies; or anemia of chronic diseases comprising (1) a compound of formula I
or a pharmaceutically acceptable salt thereof; or (2) a pharmaceutical composition
comprising a compound of formula I or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier; wherein formula I is as defined in claim 1, and
wherein the medicament is formulated for administration to a subject in need thereof.

The use of any one of claims 1 to 9, wherein the compound is represented by formula (I),

wherein;

O ey
W, X, Y and Z are each independently selected from CH or N;
D and D' are independently selected from a bond or NR®;

- A is optionally substituted bicyclic heteroaryl;

L is a bond, -C(O)-, -(CR°R®)yr, -OC(O)-, -(CR°R®),-OC(O)-, -(CRRY)1-C(O)-, -

NR°C(S)-, or -NR"C(0)- (wherein the point of the attachment to R! is on the left-hand side); |

R! is selected from alkyl, cycloalkyl, aryl, heteroaryl, and heterocyclyl; each of which is

substituted with 0-5 occurrences of Rd;

each R® is independently selected from halo, haloalkyl, alkyl, hydroxyl and -OR? or two

adjacent R® taken together with the carbon atoms to which they are attached form an optionally

substituted cyclyl;
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each R* is independently selected from alkyl, acyl, hydroxyalkyl and haloalkyl;
each R® is independently selected from hydrogen and alkyl;
each R° is independently selected from hydrogen, halo, alkyl, alkoxy and halo alkoxy or
two R°® taken together with the carbon atoms to which they are attached form an optionally
substituted cycloalkyl; |
each R% is independently selected from halo, haloalkyl, haloalkoxy, alkyl, alkynyl, nitro,
cyano, hydroxyl, -C(O)R? -OC(O)R?, -C(O)OR?, -SR?, -NR*R® and ~OR?, or two R taken
together with the carbon atoms to which they are attached form an optionally substituted
heterocyclyl;
nis0, 1, or2;
mis1,2or3;
his 0, 1, 2; and
gis 0,1 or 2.
11. The use of claim 10, whereinhis 1 and g is 1.
12. The use of claim 10, wherein W, X, Y and Z are CH.
13. The use of claim 10, wherein D is NR® and D' is a bond.
14. The uée of claim 13, wherein R® is H, methyl or ethyl.
15. The use of claim 10, wherein L is a bond, <(CR°R®);-, - NR"C(O)-,~(CR°R%),-C(O)-, -
C(0)-, or -O(CO)-.
16. The use of claim 15, wherein L is a bond and R' is alkyl, aryl or heteroaryl substituted
with 0-5 occurrences of R, v
17. The use of claim 15, wherein L is (CR°R®),- and R' is cycloalkyl, aryl, heteroaryl or
heterocyclyl substituted with 0-5 occurrences of R%.
18. The use of claim 15, wherein L is —NRbC(O)—, R’ is hydrogen and R' is aryl substituted
with 0-5 occurrences of R%,
19. The use of claim 15, wherein L is |(CR°R),-C(O)- and R' is cycloalkyl, aryl or
heteroaryl substituted with 0-5 occurrencs of RY.
20. The use of claim 15, wherein L is -C(O)- and R! is aryl, alkyl, or heteroaryl substituted
with 0-5 occurrencs of R%,
21. The use of claim 15, wherein L is ~OC(O)- and R' is alkyl, aryl or heterocyclyl

substituted with 0-5 occurrences of RY,
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22. The use of claim 15, wherein L is (CR°R%),-OC(0)- and R' is heterocyclyl or cycloalkyl
substituted with 0-5 occurrences of RY.

23. The use of claim 10, wherein n is 0.

24. The use of claim 10, wherein nis 1 and R’ is CHs, CHzCHg, OCH;, OCH,CH;, OH, F,
Cl, or CFs.

25. The use of any one of claims 1 to 9, wherein the compound is represented by formula

(1d):

(Id).
26. The use of claim 25, wherein A is optionally substituted quinolinyl.

+

27. The use of ”claim 25, wherein A is

28. The use of any one of claims 1 to 9, wherein the compound is selected from:

Br
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29.  The use of any one of claims 1 to 9 or a pharmaceutically acceptable salt thereof, wherein
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